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Abstract
Objective—To evaluate whether demographic and sonographic factors associated with 
spontaneous preterm birth (sPTB) among nulliparous women with a cervical length (CL) < 30 mm 
could be combined into an accurate prediction model for sPTB.
Methods—Secondary analysis of a trial of nulliparous women with a singleton gestation, a CL 
<30 mm on transvaginal ultrasound between 16 and 22 weeks, and who lacked other risk factors 
for spontaneous (e.g., prior cervical excisional procedure) or medically-indicated preterm birth 
(e.g., chronic hypertension), who were randomized to either 17 hydroxyprogesterone caproate or 
placebo. Risk factors associated with sPTB within the entire cohort were identified using 
univariable analysis. Factors significantly associated (P < 0.05) with sPTB were included in 
multivariable logistic regression analyses to determine whether an accurate prediction model could 
be developed.
Results—Of the 657 randomized patients, 109 (16.6%) had sPTB less than 37 weeks of 
gestation. Logistic regression analysis revealed only cervical length (OR 1.06 per 1 mm decrease, 
95% CI 1.02–1.10) to be associated with sPTB. The area under the ROC curve based on this 
regression was low (AUC: 0.63, 95% CI 0.58–0.69). Results were similar for the outcome of sPTB 
< 34 weeks.
Conclusions—An accurate prediction model for sPTB among nulliparous women with a short 
cervix could not be developed.
Keywords
cervical length; prediction; spontaneous preterm birth
It is well established that the midtrimester sonographic length of the cervix is associated 
with the chance of preterm birth.1 By convention, the 10th percentile of cervical length for 
the population has been used to indicate women at “high risk” of preterm birth. At 22–24 
weeks gestation, the 10th percentile is approximately 25 mm, although between 16 and 22 
weeks (when women typically receive their anatomic survey and cervical length screening) 
the 10th percentile is 30 mm.1–3 Among nulliparous women, a short cervix is the risk factor 
with the highest population attributable risk for preterm birth.4
Nevertheless, even though the presence of a short cervix increases the chance of spontaneous 
preterm birth, many nulliparous women with this finding will still deliver at term. For 
example, among nulliparous women in the United States, a cervical length less than the 10th 
percentile in the second trimester conveys a risk of preterm birth of approximately 25%.1,3 
That is, the majority of nulliparous women classified as “high risk” will actually deliver at 
term. These nulliparous women, whose short cervix has been a false positive finding with 
respect to spontaneous preterm birth, may receive medical treatments (e.g. progesterone), 
unproven interventions (e.g., bed rest), and experience anxiety because of their high-risk 
classification.6–8
Some investigators previously have attempted, without success, to elucidate other factors in 
addition to cervical length that could assist in prediction of preterm birth.9 However, the 
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population examined was not limited to women with a short cervix, and relatively few 
women with a short cervix were included in the modeling. Thus, whether additional 
predictive factors can be found specifically among the population of women with a short 
cervix remains uncertain. Accordingly, a more accurate prediction of preterm birth risk 
among nulliparous women with a short cervix could be of benefit. Counseling could be 
improved, therapy could be better targeted, and the subjective experience of pregnancy could 
be enhanced. At present, however, a more accurate prediction model does not exist. The 
purpose of this analysis was to determine, among women with a cervix less than the 10th 
percentile between 16 and 22 weeks of gestation, whether additional factors could be 
identified that are associated with an increased risk of preterm birth and used to develop an 
accurate model for preterm birth prediction.
Materials and Methods
The SCAN trial was a randomized placebo-controlled trial in which nulliparous women with 
a transvaginal sonographic cervical length < 30 mm (i.e., < 10th percentile) between 16 and 
22 3/7 weeks of gestation were randomized to receive either weekly intramuscular 17-alpha 
hydroxyprogesterone caproate (17OHP) or placebo.5 Study injections were initiated by 22 
6/7 weeks of gestation and continued until 36 6/7 weeks of gestation or delivery, whichever 
came first. At enrollment, demographic and transvaginal sonographic characteristics of study 
participants were collected. The primary outcome of the trial was preterm delivery < 37 
weeks. Full details of the study protocol, including the fact that all cervical length 
measurements were made by trained and centrally certified sonographers, that 10.3% of 
women screened had a cervical length of < 30 mm, and that those with other risk factors for 
spontaneous (e.g., prior cervical excisional procedure) or medically-indicated preterm birth 
(e.g., chronic hypertension) were excluded, have been previously reported.5
The present study is a secondary analysis of data from the SCAN trial. The associations of 
participants’ demographic factors and transvaginal sonographic findings with spontaneous 
preterm birth (defined as preterm birth due either to spontaneous labor or premature rupture 
of the membranes) at less than 37 weeks were estimated in univariable analysis. Factors that 
were associated with preterm delivery at a significance level of P < 0.05 were then entered 
into a multivariable binary logistic equation in order to determine which factors were 
independently associated with spontaneous preterm birth. Treatment group was included in 
this regression equation. The classification ability of the final multivariable model was 
assessed by the area under the receiver operating characteristic curve (AUC).
In order to ensure that prediction ability was not impaired due to the use of “spontaneous 
preterm birth” as a dichotomous outcome, an additional multinomial regression was 
performed in which the dependent terms were “spontaneous preterm birth”, “indicated 
preterm birth”, and “term birth”. The independent associations of demographic and 
sonographic factors with spontaneous preterm birth were estimated from this multinomial 
equation as well. All analyses were repeated for the outcome of preterm birth < 34 weeks.
Institutional review board approval for this study was obtained from all participating 
institutions. In univariable analysis, the Wilcoxon-rank sum test was used to compare 
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continuous variables and the chi-square test or Fisher’s exact test was used to compare 
categorical variables. Multivariable analyses were performed with both binary and 
multinomial logistic regression, with odds ratios (OR) and 95% confidence intervals (CI) 
reported. Alternate definitions for a short cervix (i.e., ≤25mm and ≤20 mm) were evaluated 
as well. All tests were two-tailed and P < 0.05 used to define statistical significance. No 
adjustments were made for multiple comparisons. All analyses were performed using SAS 
Version 9.2 (SAS Institute, Inc, Cary, NC).
Results
Of the 657 women who were eligible for analysis, 109 (16.6%) had a spontaneous preterm 
birth prior to 37 weeks of gestation, 53 (8.1%) had an indicated preterm birth prior to 37 
weeks of gestation, 57 (8.7%) had a spontaneous preterm birth prior to 34 weeks of 
gestation, and 32 (4.9%) had an indicated preterm birth prior to 34 weeks of gestation. 
Patient characteristics that were assessed, stratified by spontaneous preterm birth, are 
presented in Table 1. Few additional characteristics were associated with an increased 
chance of spontaneous preterm birth. Specifically, two sonographic findings – shorter mean 
cervical length and the presence of cervical funneling – were associated with an increased 
risk of preterm birth. Conversely, among this population of women with a short cervix, other 
characteristics such as race/ethnicity, maternal age, and pre-pregnancy BMI were not 
associated with spontaneous preterm birth.
The results of the multivariable analysis are presented in Table 2. In the logistic regression, 
only cervical length remained significantly associated with spontaneous preterm birth, such 
that a 1 mm decrease in cervical length was associated with a 6% increased odds of 
spontaneous preterm birth. This multivariable regression resulted in a receiver operating 
characteristic curve with an area under the curve of 0.63 (95% confidence interval 0.58 – 
0.69, Figure 1), which indicates that the model is poor at classifying who will experience a 
preterm birth. Binomial logistic regression for the prediction of spontaneous preterm birth 
prior to 34 weeks, as well as multinomial logistic regression (which categorized the 
dependent variables as “spontaneous preterm birth”, “indicated preterm birth” and “term 
birth”) for prediction of preterm birth prior to 37 or 34 weeks, revealed no additional factors 
other than cervical length to be independently associated with spontaneous preterm birth. As 
a result, we were unable to develop an expanded prediction model. Similarly, when 25mm 
(N=309) and 20 mm (N=115) were used to define a cervix as short, no additional factors 
were found to be associated with preterm birth (data not shown).
Discussion
In our study of nulliparous women with a short cervix, patient characteristics were not 
identified that could be used to create an accurate prediction model for spontaneous preterm 
birth. This finding seems in contrast to many other studies that have demonstrated multiple 
other risk factors for preterm birth. For example, among a general population, women who 
are black, who have a low body mass index, or who have amniotic fluid “sludge” have been 
found to have an increased risk of preterm birth.10–12 However, such risk factors may be 
associated with a pathophysiologic cascade that results in a short cervix. Therefore, once the 
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study population is limited to women with a cervical length less than the 10th percentile and 
the cervical measurement is placed into a regression equation, the apparent association with 
other risk factors is no longer present or as strong. Thus, we could not derive a prediction 
model that incorporates factors other than cervical length and accurately predict preterm 
birth among women with a short cervix.
There are several strengths to this analysis. This study included a large number of women 
with a cervix less than the 10th percentile in the mid-trimester. Cervical length 
measurements were performed by sonographers who had undergone a standardized training 
and certification process. Moreover, the data were collected prospectively in the context of a 
randomized trial, further enhancing data quality.
It is possible that some factors associated with preterm birth among this population were not 
captured and thus could not be entered into the prediction model. However, we believe the 
demographic, historical, and sonographic factors most strongly associated with preterm birth 
were captured and it is unlikely that additional factors among these women could materially 
improve spontaneous preterm birth prediction. Also, this study was confined to factors that 
are available during routine prenatal care and sonographic examination, and did not include 
additional biomarkers such as serum analytes.13 Nevertheless, at present, no analyte has 
been demonstrated to significantly enhance prediction of preterm birth in women with a 
short cervix. Further investigation may elucidate whether other biomarkers are useful in 
significantly improving preterm birth prediction once a short cervix is identified.13 Lastly, 
this study was performed using data from nulliparous women and excluded women with 
certain conditions such as those with prior cervical excisional procedures or prolapsing 
amniotic membranes at the time of their sonogram. As such, the generalizability of the 
findings to all women cannot be known.
Although a short cervix is well known to increase the risk of spontaneous preterm birth, 
many women with this finding will not actually deliver preterm.1–5 Once a “short” cervix is 
diagnosed, therefore, women and providers are confronted with an anxiety-provoking 
situation that cannot be fully resolved until delivery occurs. An accurate prediction model 
among women with a short cervix could allow women and their obstetric providers to gauge 
their response to an individual’s, rather than a population’s risk. Such a prediction model 
also could allow better targeting of prophylactic interventions to women at greatest risk of 
preterm birth. However, our study does not indicate factors other than cervical length that 
can significantly enhance accurate classification of women with regard to preterm birth, and 
underscores the need to develop additional biomarkers that can aid in risk stratification.
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Figure 1. 
Receiver operating characteristic curve for prediction of spontaneous preterm birth
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Table 1
Patient characteristics stratified by spontaneous preterm birth
No sPTB
N = 548
sPTB
N = 109
P
Maternal age (years) 22.2 ± 4.9 22.3 ± 4.8 0.87
Pre-pregnancy body mass index (kg/m2) 25.8 ± 6.7 25.6 ± 6.7 0.64
GA at short cervix detection (weeks) 19.9 ± 1.4 20.0 ± 1.6 0.35
Received 17 OHP 49.8% 49.5% 0.96
Race/ethnicity
 Non-Hispanic white/Asian 25.2% 25.7% 0.24
 Non-Hispanic black 53.3% 45.9%
 Hispanic 21.5% 28.4%
Prior spontaneous pregnancy loss
 < 13 weeks 27.4% 22.0% 0.25
 13 – 19 6/7 weeks 1.8% 3.7% 0.27
Any alcohol during pregnancy 8.2% 7.3% 0.76
Any cigarettes during pregnancy 16.6% 17.4% 0.83
Any street drugs during pregnancy 6.0% 5.5% 0.83
Cervical length (mm) 24.2 ± 5.5 21.8 ± 6.2 < 0.0001
Cervical funnel present 21.9% 33.9% 0.007
 If present, funnel length (mm) 15.3 ± 8.0 16.7 ± 9.5 0.64
Intra-amniotic debris present 11.7% 12.8% 0.73
All data presented as mean ± standard deviation or %
sPTB = spontaneous preterm birth; GA = gestational age: 17 OHP = 17 alpha hydroxyprogesterone caproate
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Table 2
Results of binary logistic regression for outcome of spontaneous preterm birth prior to 37 weeks of gestation
Odds ratio 95% CI
Received 17 OHP 0.98 0.65 – 1.49
Cervical length (1mm decrease) 1.06 1.02 – 1.10
Cervical funnel 1.19 0.68 – 2.05
CI = confidence interval; 17 OHP = 17 alpha hydroxyprogesterone caproate
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